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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject polymer, having 
practicable sensitivity and capable of forming a fine pattern without 
swelling and peeling at a low cost by including a specific lactone 
structure as a protective group of carboxyl group in the side chain of a 
resin and an additional acidic functional group having a protective group 
unstable to acids in the side chain of the resin. 

SOLUTION: This polymer is capable of forming a coating film insoluble in 
a basic aqueous solution and is obtained by including a lactone structure 
(especially 2-hydroxy-y-butyrolactone) of formula I [(n) is a number of 
1-4; R is H, an alkyl, etc.], as a protective group of carboxyl group in the 
side chain and further an additional acidic functional group, unstable to 
acids and having carboxyl group containing a protective group 
represented by, e.g. formula II [R1 is a (substituted) 1-4C alkyl; Z is 
plural atoms required to complete an alicyclic hydrocarbon group 
together with C combined with R1] in the side chain. 
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[Claim(s)] 

[Claim 1] It is the polymer of a coat plasticity insoluble in a basic water solution, and is a degree type (I). 
[Formula 1] 



It is the acid sensitivity polymer which contains the lactone structure expressed by (it is combinable with the 
location of the arbitration except the 2nd place which n is the integer of 1-4, and R is hydrogen or the alkyl 
group of arbitration, an alkoxyl group, and an alkoxy carbonyl group, and is carrying out the ester bond) as a 
protective group of the carboxyl group of a resin side chain, and contains the acid functional group of the 
addition which has an unstable protective group to an acid further in a resin side chain. 

[Claim 2] The acid sensitivity polymer according to claim 1 with which said lactone part is characterized by being 
2-hydroxy-gamma-butyrolactone. 

[Claim 3] The acid sensitivity polymer according to claim 1 or 2 characterized by being the member chosen from 
the group which the configuration monomeric unit in said acid sensitivity polymer becomes from an acrylate 
(meta) system monomeric unit, a vinyl phenol system monomer configuration unit, and N-permutation maleimide 
system monomeric unit. 

[Claim 4] The degree type from which the acid functional group of the addition in said acid sensitivity polymer 
can secede with an acid (II) 
[Formula 2] 



(In an upper type, R1 expresses the alkyl group of the straight chain which has 1-4 carbon atoms, or branched 
chain.) a permutation or unsubstituted either — you may be — ZR1 it is the need completing an alicyclic 
hydrocarbon radical with the united carbon atom — two or more — the atom of an individual — expressing — it 
is characterized by having a carboxyl group containing the protective group shown — An acid sensitivity polymer 
given in any 1 term of claims 1-5. 

[Claim 5] The acid sensitivity polymer according to claim 1 to 5 characterized by containing the monomeric unit 
which has an ester group containing the polycyclic nature alicyclic hydrocarbon part which had the structure 
from which it can secede according to an operation of the acid produced from a photo-oxide generating agent in 
the acid functional group of said addition. 

[Claim 6] The acid sensitivity polymer according to claim 5 with which a polycyclic nature alicyclic hydrocarbon 
part with the structure from which it may be desorbed with the acid of said monomeric unit is characterized by 
including an adamanthyl radical or a norbornyl radical. 

[Claim 7] The protective group content carboxyl group of said addition is a degree type (III). 
[Formula 3] 
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( in an upper type, R1 and Z are the same as said definition respectively.) — acid sensitivity polymer 
according to claim 6 characterized by what is expressed. 
[Claim 8] Degree type (I) 
[Formula 4] 
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n — the integer of 1-4 — it is — R — hydrogen or the alkyl group of arbitration, and an alkoxyl group — the 
location of the arbitration except the 2nd place which is an alkoxy carbonyl group and is carrying out the ester 
bond — being combinable — the lactone structure expressed In the basic water solution which contains as a 
protective group of the carboxyl group of a resin side chain, and contains further the acid functional group of the 
addition which has an unstable protective group to an acid in a resin side chain, the acid sensitivity polymer of 
an insoluble ****** plasticity, It is the resist constituent with which it is characterized by the ability of a 
protective group unstable in said acid to become meltable [ after desorption ] in a basic water solution and in 
which development with a basic water solution is possible including the photo-oxide generating agent which can 
generate the acid in which the aforementioned acid will be desorbed from an unstable protective group, and it 
will deal if the radiation for image formation is absorbed and it decomposes. 

[Claim 9] The resist constituent according to claim 8 with which said lactone part is characterized by being 2- 
hydroxy-gamma-butyrolactone. 

[Claim 10] The resist constituent according to claim 8 or 9 characterized by being the member chosen from the 
group which the configuration monomeric unit in said acid sensitivity polymer becomes from an acrylate (meta) 
system monomeric unit, a vinyl phenol system monomeric unit, N-permutation maleimide system monomeric unit, 
and a styrene system unit. 

[Claim 1 1] The degree type from which the acid functional group of the addition in said acid sensitivity polymer 
can secede with an acid (II) 
[Formula 5] 
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(In an upper type, R1 expresses the alkyl group of the straight chain which has 1-4 carbon atoms, or branched 
chain.) a permutation or unsubstituted either — you may be — ZR1 it is the need completing an alicyclic 
hydrocarbon radical with the united carbon atom — two or more — the atom of an individual — expressing — it 
is characterized by having a carboxyl group containing the protective group shown — A resist constituent given 
in any 1 term of claims 8-10. 

[Claim 12] The resist constituent according to claim 8 to 1 1 characterized by containing the monomeric unit 
which has an ester group containing the polycyclic nature alicyclic hydrocarbon part which had the structure 
from which it can secede according to an operation of the acid produced from a photo-oxide generating agent in 
the acid functional group of said addition. 

[Claim 13] The resist constituent according to claim 12 with which a polycyclic nature alicyclic hydrocarbon part 
with the structure from which it may be desorbed with the acid of said monomeric unit is characterized by 
including an adamanthyl radical or a norbornyl radical. 

[Claim 14] The protective group content carboxyl group of said addition is a degree type (III). 
[Formula 6] 

• • • (III) 

It is the resist constituent according to claim 13 characterized by what is expressed with (R1 and Z are the 
same as said definition respectively in an upper type). 

[Claim 15] A resist constituent given in any 1 term of claims 8-14 characterized by the absorbance in deep- 
ultra-violet-range wavelength being 1 .75 or less when a coat is formed on a quartz substrate. 
[Claim 16] A resist constituent given [ the solvent chosen from ethyl lactate, methyl amyl ketone, methyl-3- 
methoxy ROPIONETO, ethyl-3-ethoxy propionate, and the solvent group that consists of propylene glycol 
methyl ether acetate ] in independent or any 1 term of claims 8-15 characterized by including the combined 
solvent. 

[Claim 17] The resist constituent according to claim 16 characterized by including the solvent chosen from the 
solvent group which consists of butyl acetate, gamma-butyrolactone, or propylene glycol methyl ether as an 
addition solvent. 

[Claim 18] The resist pattern formation approach characterized by including the process which applies a resist 
constituent given in any 1 term of claims 8-17 on a substrate, and forms the resist film, the process which 
exposes said resist film with the radiation which can carry out induction of the decomposition of the photo-oxide 
generating agent in said resist constituent, and the process which develops said resist film in a basic water 



solution after said exposure process. 

[Claim 19] The process which applies a resist constituent given in any 1 term of claims 8-17 on a substrate, and 
forms the resist film, The process which exposes said resist film with the radiation which can carry out induction 
of the decomposition of the photo-oxide generating agent in said resist constituent, The manufacture approach 
of the semiconductor device characterized by consisting the process which develops said resist film in a basic 
water solution after said exposure process, and forms a resist pattern, and said resist pattern of a process 
which etches said substrate into a mask. 

[Claim 20] The process which forms said resist film is the manufacture approach of the semiconductor device 
according to claim 19 characterized by performing so that the solution of said resist constituent may be formed 
on said substrate at the thickness of 0.1-2 micrometers. 

[Claim 21] Said exposure process is the manufacture approach of the semiconductor device according to claim 
1 9 or 20 characterized by performing using KrF excimer laser. 

[Claim 22] Said exposure process is the manufacture approach of the semiconductor device according to claim 
1 9 or 20 characterized by performing using ArF excimer laser. 

[Claim 23] Said development process is the manufacture approach of the semiconductor device of claim 19-22 
characterized by performing as said basic water solution using an alkaline water solution given in any 1 term. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the resist constituent in which development is possible, and the 
pattern formation approach with a basic water solution. In recent years, high integration progresses, as for the 
semiconductor integrated circuit, LSI and VLSI are put in practical use, and the minimum line width of a circuit 
pattern has reached the field of a subhalf micron. For this reason, it is indispensable to establish ultra-fine 
processing technology, and the wavelength of the ultraviolet rays of the exposure light source is made to shift to 
the short wavelength of a far-ultraviolet field as a solution of this demand in the lithography field. Furthermore, 
research of the exposure approach using the light source of the wavelength of deep ultra-violet range is also 
done briskly. Development of the ingredient with which a resist ingredient also has more little absorption of light 
in such short wavelength, and has an ingredient and sensibility fitness and high dry etching resistance in 
connection with this serves as pressing need. 
[0002] 

[Description of the Prior Art] In recent years, the photolithography using krypton fluoride excimer laser (it omits 
the wavelength of 248nm and Following KrF) as the new exposure light source in semi-conductor manufacture is 
studied briskly, and utilization is also starting. As a resist with the high sensitivity and high resolution which can 
respond to such a source of short wave Nagamitsu the resist presentation using the concept called a chemistry 
magnification mold is presented by H.Ito and others of U.S. IBM (J. — M.J.Frechet et al. f Proc.Microcircuit Eng., 
and 260 (1982) — ) H. Ito et al., Digest of Technical Papers of 1982 Symposium on VLSI Technology, 86 (1983), 
H. Ito et al., "Polymers in Electronics", ACS Symposium Series 242, T.Davidson, ed., ACS11 (1984), 
USP4,491,628 (1985). The fundamental concept makes catalytic reaction cause in the resist film, raises an 
apparent quantum yield, and attains high sensitivity-ization. 

[0003] If chemistry magnification mold POJIREJISUTO which is studied and used former very widely and which 
added PAG (Photo Acid Generator) which generates an acid by light to the t-butoxycarbonyl(t-BOCHzed 
polyvinyl phenol (PVP) is taken for an example, in the exposure section of a resist, with heating (PEB) after 
exposure, the t-BOC radical which is a protective group will ****, and it will become isobutene and a carbon 
dioxide. The proton acid produced at the time of desorption serves as a catalyst, a deprotection reaction 
advances continuously, and the polarity of the exposure section changes a lot. On the other hand, a register 
pattern is formed by choosing a suitable developer. 

[0004] In recent years, research of the lithography using ArF (argon fluoride) excimer laser with more short 
wavelength (wavelength of 193nm) also prospers to creation of devices with a still higher degree of integration, 
such as DRAM of a gigabit class. When conventional phenol system resin is used on this wavelength, the 
absorption of light is strong and changing from base material resin is indispensable. Then, development of a 
resist applicable with such short wavelength is becoming pressing need. 
[0005] 

[Problem(s) to be Solved by the Invention] Although the chemistry magnification mold resist applicable on such 
wavelength is studied briskly in recent years, the many use the methacrylic acid type resin which has the ester 
group called sentimentalism alicycle groups (for example, adamantane, an iso bornane, tricyclodecane, etc.) (for 
example, KNozaki et al, chem.Mater., 6 and 1492 (1994), KNakano et al, Proc.SPIE, 2195 and 194 (1994), 
R.D.AIIen et al, Proc.SPIE, 2438, 474 (1994), etc.). These have realized dry etching resistance indispensable to a 
resist by including an alicycle group system ester group in resin. Since peeling of a resist arises by using an 
alicycle group machine on the other hand at the time of development or the problem that the solubility of the 
exposure section is insufficient arises, a means to introduce a carboxylic-acid unit into resin, or to thin a 
developer or to add alcohol, such as IPA, has been provided. 

[0006] As a resist constituent which can form the detailed pattern which can solve these troubles [ like ], can 
use the standard alkali developer currently used by semi-conductor mass production, has usable sensibility, and 
does not have swelling The chemistry magnification mold resist using the base material resin which makes 
mevalonic lactone and 2-methyl-2-ADAMANTA Norian the protective group of a carboxylic-acid unit is reported 



k (KNozaki et al, Jpn.J.Appl.Phys., 35, L528 (1996)). This makes development possible with a standard developer 
because both protective groups ****, and it is also raising the substrate adhesion of a resist with the strong 
polarity of mevalonic lactone. However, the mevalonic lactone methaclylate which is a monomer had to be 
compounded at low temperature, and it was a problem that the mevalonic lactone of a raw material is expensive. 
[0007] This invention is to be able to solve the above-mentioned problem, able to use a standard alkali 
developer, have usable sensibility, and offer the new acid sensitivity polymer which can form the detailed pattern 
which does not have swelling and peeling cheaply, and a resist constituent. The purpose of this invention can 
respond also to the exposure light source of the deep ultra-violet range represented by KrF or ArF excimer laser 
again, and is to offer the new resist constituent excellent also in dry etching resistance. Another purpose of this 
invention is to enlarge the polar difference of the exposure section and the unexposed section, and offer the 
new resist constituent which can form the detailed pattern which has high sensitivity, high contrast, and high 
resolution. 

[0008] Furthermore, another purpose of this invention is to offer the approach of generating a resist pattern 
using such a resist constituent, and the manufacture approach of the semiconductor device using this register 
pattern. 



[Means for Solving the Problem] this invention persons set to a chemistry magnification resist constituent 
wholeheartedly as a result of research that the above-mentioned technical problem should be solved. As a 
polymer used as base material resin, the polymer of the coat plasticity which has a protective group content 
carboxyl group is used for the side chain of a monomeric unit. As a protective group of the carboxyl group of the 
polymer The knowledge that it is important using the compound containing the acid functional group of the 
addition which has a specific lactone part and has an unstable protective group to an acid in a resin side chain is 
acquired, and it came to complete this invention. 

[0010] This invention is the polymer of the coat plasticity which has a protective group content carboxyl group 
in the side chain of a monomeric unit in the one field. The acid sensitivity polymer which can become meltable in 
a basic water solution when a protective group insoluble [ in a the very thing basicity water solution ] however 
unstable in the acid of the acid above mentioned additional functional group is desorbed from a side chain, If the 
radiation for exposure is absorbed and it decomposes, it will come to contain in said acid the photo-oxide 
generating agent which can generate the acid which may be desorbed from an unstable protective group. Said 
acid sensitivity polymer is the resist constituent in which development is possible in the basic water solution 
characterized by containing the lactone structure expressed by the degree type (I) as a protective group of said 
carboxyl group in that case. 



[0012] (n is the integer of 1-4, R is hydrogen or the alkyl group of arbitration, an alkoxyl group, and an alkoxy 
carbonyl group, and it can combine with the location of the arbitration except the 3rd place which is carrying out 
the ester bond) 

In the resist constituent by this invention, the acid sensitivity polymer used as the base material resin includes 
the various polymers to the ternary polymerization object of the copolymer containing the acid functional group 
of the addition which has an unstable protective group to an acid in a resin side chain to monomeric units 
including the above-mentioned lactone structure, those monomeric units, and the monomeric unit of others of 
arbitration etc. 

[0013] The polymer used here is the acrylate system monomeric unit in which at least one of the monomeric 
units which constitute it preferably has a protective group content carboxyl group (meta), i.e., an acrylate 
system, a methacrylate system monomeric unit, a vinyl phenol system monomeric unit, N-permutation maleimide 
system monomeric unit, a styrene system monomeric unit, or a monomeric unit that has an ester group 
containing a short **** alicyclic hydrocarbon part. Moreover, if it is the monomeric unit which includes the 
structure represented by an adamanthyl radical, the norbornyl radical, etc. in a polycyclic nature alicyclic 
hydrocarbon part, in addition, it is desirable. 

[0014] When a coat is formed for it on a quartz substrate, as for the resist constituent of this invention, it is 
desirable that the absorbance in the wavelength (180-300nm) of the exposure light source of deep ultra-violet 
range is 1.75 or less preferably further again. In the absorbance beyond this, when resist thickness is set to 0.4 
micrometers, the permeability becomes 20% or less, and formation of a pattern becomes remarkably difficult. 
[0015] In the case of the above mentioned acid sensitivity copolymer, having the additional protective group 
content carboxyl group also has the desirable polymerization partner monomeric unit of the monomeric unit 
which has a protective group content carboxyl group, namely, the monomeric unit containing the first protective 



[0009] 



[0011] 
[Formula 7] 
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group content carboxyl group in which an acid sensitivity copolymer contains said lactone part carried out as a 
protective group — in addition, you may have the monomeric unit which contains the second unstable protective 
group content carboxyl group in an acid, and such a combination is also desirable. . 

[0016] Here, the monomeric unit containing the second protective group content carboxyl group is a monomeric 
unit which contains the structure which has a carboxyl group containing the desirable protective group from 
which it can be desorbed according to an operation of the acid from said photo-oxide generating agent of the 
addition to the side chain of the monomeric unit, and can be expressed by the degree type (II) in that case as a 
protective group of said carboxyl group. 



[0018] (In an upper type, R1 expresses the alkyl group of the straight chain which has 1-4 carbon atoms, or 
branched chain, you may be a permutation or unsubstituted any and Z expresses two or more atoms required to 
complete an alicyclic hydrocarbon radical with the carbon atom which R1 combined) 

Although the second protective group content carboxyl group may exist with various gestalten, it is preferably 
expressed by the degree type (III). 



[0020] (In an upper type, R1 and Z are the same as said definition respectively) 

The resist constituent of this invention is offered in the form of the solution which dissolved in the solvent 
chosen from the group which consists of ethyl lactate, methyl amyl ketone, methyl-3-methoxy propionate, ethyl- 
3-ethoxy propionate, propylene glycol methyl ether acetate, or those mixture preferably. Moreover, this resist 
solution may contain further the solvent chosen from the group which consists of butyl acetate, gamma- 
butyrolactone, propylene glycol methyl ether, and its mixture if needed as an auxiliary solvent. 
[0021] Moreover, the process at which this invention applies the resist constituent of this invention on a 
processed substrate, The process which exposes the formed resist film with the radiation for image formation 
which can carry out induction of the decomposition of the photo-oxide generating agent of said resist 
constituent, The formation approach of a resist pattern characterized by coming to contain the process which 
develops the resist film after said exposure in a basic water solution, and the manufacture approach of the 
semiconductor device which etches by using as a mask the resist pattern formed by doing in this way are 
offered. 

[0022] As for the resist film formed on the processed substrate, in the formation approach of the resist pattern 
by this invention, or the manufacture approach of a semiconductor device, it is desirable to heat-treat to said 
exposure process front and the back. That is, in this invention, while carrying out prebaking processing of the 
resist film before the exposure, before developing negatives by being after exposure, postbake processing in 
which it explained as PEB (postexposure baking) previously is performed, these heat-treatment — a law — 
according to a method, it can carry out advantageously. 

[0023] In the case of the acid sensitivity copolymer of this invention, before occupying in the copolymer, 0.1 - 
80-mol% of the content of the monomeric unit which has the lactone part of a formula (I) in an ester group is 
desirable, and it is recommended 10 - 50-mol% of more preferably. If the substrate adhesion of a resist will be 
spoiled and satisfying patterning will become impossible, if the content of these monomeric units is less than 
ten-mol%, and it exceeds 60-mol% conversely, since the monomeric unit containing the protective group part of 
the addition in which acid desorption is possible will decrease, if it becomes disadvantageous for formation of a 
detailed pattern and exceeds 80 more mol%, resin itself will change to a basic water solution possible [ the 
dissolution ]. 

[0024] Although 0.1 - 50wt% (percentage to polymer weight) is recommended, as for the content of a photo- 
oxide generating agent (PAG), it is recommended 1 - 15wt% of more preferably. Moreover, although, as for the 
weight average molecular weight of the polymer used for this invention, the range of 2000-1 million is 
recommended, the range of 5000-50,000 is recommended more preferably, the case where a solute with low 
solubility is used depending on the solubility of a solute although the entrainer added to a resist solution was 
unnecessary — usually — a main solvent — receiving — 1 - 30wt% — although added, adding 10 to 20% more 
preferably is recommended. 



[0017] 
[Formula 8] 
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[0025] Although the water solution of I represented by the potassium hydroxide etc. and the metal hydroxide 
belonging to II group and the water solution of the organic base which does not contain metal ions, such as 
tetraalkylammonium hydroxide, are mentioned, the basic water solution used as a developer is a water solution of 
tetramethylammonium hydroxide (TMAH) more preferably, and may add an additive like a surfactant for 
improvement in a development effect. 
[0026] 

[Embodiment of the Invention] The formation approach of the resist constituent by this invention and a resist 
pattern can be enforced with various desirable gestalten so that he can understand easily from the following 
detailed explanation. This invention relates to the chemistry magnification mold resist constituent in which 
development is possible with the basic water solution for forming a positive resist pattern on a processed 
substrate. This resist constituent is the polymer of the coat plasticity which has a protective group content 
carboxyl group in the side chain of the (a) monomeric unit, as described above. The acid sensitivity polymer 
which can become meltable in a basic water solution when it is insoluble in a the very thing basicity water 
solution, it has the protective group of arbitration unstable in an acid in an acid different functional group from 
said carboxyl group and this is desorbed from a side chain, (b) If the radiation for image formation is absorbed 
and it decomposes, it will come to contain PAG (photo-oxide generating agent) which can generate the acid in 
which an acid is desorbed from an unstable protective group and it deals. Said acid sensitivity polymer contains 
the lactone part with which it is expressed by a front type (I) or (II) as a protective group of said carboxyl group 
in that case. 

[0027] In the resist constituent of this invention, the protective group of the arbitration from which it is easily 
desorbed with heating is introduced into an acid different functional group from a protective group content 
carboxyl group under existence of an acid catalyst in the acid sensitivity polymer of base material resin. This 
protective group produces the chemistry magnification operation which reproduces proton acid by that 
desorption, and, for this reason, the resist constituent object of this invention can attain high sensitivity. 
Moreover, since an acid functional group generates after desorption of a protective group, the exposure section 
of the resist film serves as alkali soluble, therefore can form the positive pattern after development in a basic 
water solution. Furthermore, the lactone expressed with a formula (I) has a high polarity, and since it is a weak 
alkali meltable unit, it can realize higher alkali fusibility in the exposure section conjointly with the desorption of 
an unstable protective group in the aforementioned acid. In addition, in this invention, since pattern formation is 
performed using a polar change produced in a polymer, a pattern without swelling is obtained. 
[0028] The structure of the acid sensitivity polymer used as base material resin in the resist constituent of this 
invention As long as the conditions for conditions which were described above, especially the mechanism of 
chemistry magnification are fulfilled Although it cannot limit especially, about the same dry etching resistance as 
a novolak resist is acquired, A polymer with the acrylate system monomeric unit and methacrylate system 
monomeric unit which have a polycyclic nature alicyclic hydrocarbon system compound in an ester group when it 
is taken into consideration that it has acid desorption nature, Or using a vinyl phenol system polymer, N- 
permutation maleimide system polymer, a styrene system polymer, etc. is recommended. When using deep 
ultraviolet and the light source with especially the wavelength of 250nm or less as the exposure light source, the 
absorption of light of the wavelength is important for especially an acrylate system and a methacrylate system 
polymer in a small point. If it puts in another way, when making deep ultraviolet into the exposure light source, it 
is desirable to use the polymer which has structure which does not contain a chromophore with large aromatic 
series ring which generally absorbs the light of deep ultra-violet range greatly and molar extinction coefficients, 
such as conjugated double bond. 

[0029] In using the exposure wavelength of an ultrashort wavelength field like ArF excimer laser as the light 
source Since the transparency in the wavelength (193nm) concerned becomes still more important for formation 
of a resist pattern with dry etching resistance, Use of the polymer and division acrylate system which have the 
ester group from which polycyclic nature alicyclic hydrocarbon structure which is represented by an adamanthyl 
radical with high dry etching resistance, the norbornyl radical, etc. as described above can be contained, and it 
can be desorbed, and a methacrylate system polymer is recommended. 

[0030] Although the molecular weight (weight average molecular weight, Mw) of acrylate or a methacrylate 
system polymer which was described above, and other acid sensitivity polymers can be changed in the large 
range, the range of it is 2,000-1,000,000 preferably, and it is 3,000-50,000 more preferably. In this invention, the 
acid sensitivity polymer which can be used is as being shown in a degree type (IV), when an acrylate (meta) 
system polymer is explained with reference to what is made into a subject. In addition (meta), an acrylate system 
3 component copolymer can also be constituted according to this. In addition, these polymers may constitute 
the copolymer (the thing of two or more components is also included) of arbitration combining other suitable 
monomeric units, as long as it has acid sensitivity, as explained also in advance. 

[0031] In this invention, the acid sensitivity polymer which can be used is as being shown in a degree type (IV), 
when the aforementioned (meta) acrylate system polymer is explained with reference to what is made into a 



subject. 
[0032] 

[Formula 10] 
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[0033] In addition (meta), an acrylate system 3 component copolymer can also be constituted according to this. 
In an upper type, R' expresses hydrogen, or expresses the substituent of arbitration, for example, a halogen, an 
alkyl group, a methylol radical, etc., and Y expresses what is represented by the acid desorption nature 
protective group of arbitration, for example, a tBu radical, a tetrahydropyranyl group, an isobornyl radical, and the 
2-methyl-2-adamanthyl radical, m and n are the mole ratios of each monomeric unit, and are m+n=1. Especially, 
it is a hydrogen atom, a halogen atom, low-grade alkyl groups (a methyl group, ethyl group, etc.), a cyano group, 
and others (chlorine, bromine, etc.), and X or LAC expresses the lactone part of a front type (I), respectively, as 
long as there is no notice. 

[0034] The acrylate (meta) system polymer mentioned by this invention can be adjusted using the polymerization 
method generally used in polymer chemistry. For example, it can adjust advantageously by heating a 
predetermined monomer component under existence of azobisuisobutironitoriru (2 and 2 -azobisisobutyronitril) 
used widely as a free radical initiator, moreover, acid sensitivity polymers other than an acrylate (meta) system 
polymer — the same — a law — according to a method, it can adjust advantageously. 
[0035] Moreover, when the acid sensitivity polymer contained as base material resin in it in the resist 
constituent of this invention takes the gestalt of a copolymer, the monomeric unit which contains an unstable 
protective group content acidity functional group in the second acid is a monomeric unit which contains the 
structure which can be more preferably expressed by the degree type (II) as a protective group of said acid 
functional group. 
[0036] 

[Formula 1 1] 



(ID 



[0037] (In an upper type, R1 expresses the alkyl group of the straight chain which has 1-4 carbon atoms, or 
branched chain, you may be a permutation or unsubstituted any and Z expresses two or more atoms required to 
complete an alicyclic hydrocarbon radical with the carbon atom which R1 combined) 

Moreover, although it is said with various gestalten that a protective group content acidity functional group 

unstable in the second acid may exist, it is preferably expressed by the degree type (III). 

[0038] 

[Formula 12] 




• • • (ill) 



[0039] (In an upper type, R1 and Z are the same as said definition respectively) 

When it states in more detail, the acid sensitivity copolymer which each monomeric unit has a protective group 
content carboxyl group, and can be advantageously used in operation of this invention is a copolymer preferably 
expressed by the degree type (V). When it states in more detail, the acid sensitivity copolymer which each 
monomeric unit has a protective group content carboxyl group, and can use advantageously in operation of this 
invention is a copolymer preferably expressed by the degree type (V). 
[0040] 

[Formula 13] 




[0041] (the upper — a formula — setting — R — one — R — ' — X — m — and — n — said — a definition — 
the same — a principal chain — carbon — an atom — having joined together — a substituent — R — ' — and 



— X — the same — or you may differ and they are a hydrogen atom or a methyl group preferably) 

In operation of this invention, the acid sensitivity copolymer which can be used still more advantageous is 

gamma-butyrolactone-2-IRUMETA chestnut rate / 2-methyl-2-adamanthyl methacrylate copolymer shown in a 

degree type (VI). 

[0042] 

[Formula 14] 
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[0043] (X is the same from a methyl group or hydrogen — or you may differ) 

Such a copolymer or the resist constituent containing other polycyclic nature alicyclic ester shows that high dry 
etching resistance (RIE resistance) is acquired. Here, if it is going to acquire the RIE resistance of the novolak 
resist average by which the current general purpose is carried out, it is necessary to make into about 50mol% 
the content of the 2-methyl-2-adamanthyl methacrylate which is the 2nd monomeric unit in a copolymer. 
Moreover, since this copolymer is structure which contains neither conjugated double bond nor an aromatic 
series ring, it is transparent in ultrashort wavelength (193nm) like ArF excimer laser. 

[0044] 20-70-mol% of the content of the gamma-butyrolactone-2-IRUMETA chestnut rate which is the 1st 
monomeric unit in a copolymer which was described above is desirable, and it is recommended 30-60~mol% of 
more preferably. If the content of these monomeric units is less than 20-mol%, peeling of a pattern will become 
remarkable, and if it exceeds 80-mol% conversely, resin itself will change to a basic water solution possible [ the 
dissolution ]. The content of this monomeric unit is 40-60-mol% still more preferably. 

[0045] Moreover, the mechanism of the chemistry magnification in a copolymer including the 2nd monomeric unit 
which was described above is the same as the mechanism of general chemistry magnification, and the 
effectiveness of the alkali fusibility by the lactone in the 1 st monomeric unit is added to this. That is, having high 
transparency is well known for deep ultra-violet range, and the polymer of an acrylic acid (meta) is for example, 
a front type (VI). In the copolymer expressed, since two kinds of ester sections contained in the structure do 
not contain a chromophore with a big molar extinction coefficient in 190-250nm, respectively, if PAG (photo- 
oxide generating agent) of optimum dose is combined, the high sensitivity resist constituent which can respond 
also to the exposure using deep ultraviolet advantageously will be obtained. 

[0046] When a front-type polymer is used as the base material resin of a resist, in the resist exposure section, 
the following reactions advance to separate or coincidence. The reaction of an upper type consumes few 
moisture contained in the resist film, and a reaction advances. Therefore, when the moisture near the reacting 
point is consumed, this reaction ends. Since the reaction of a bottom type is a reaction which reproduces the 
proton acid after desorption of an adamanthyl radical, it serves as high sensitivity. 
[0047] 
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[0048] In the combination represented by copolymer which was described above, since an elimination reaction 
which reproduces proton acid occurs, high sensitivity can be attained easily. Moreover, the positive pattern 



which the carboxylic acid generated after desorption of a functional group, and the lactone part of another side 
also became meltable [ the exposure section of the resist film ] in a basic water solution for alkali fusibility, 
therefore the exposure section dissolved by development is obtained. In this case, since a polar change 
produced in base material resin is used, a pattern without swelling is obtained. 

[0049] In the chemistry magnification mold resist of this invention, the matter which produces proton acid by the 
exposure of radiations, such as PAG generally used in the chemistry of a resist, i.e., ultraviolet rays, far 
ultraviolet rays, vacuum ultraviolet radiation, and an X-ray, can be used for PAG used combining an acid 
sensitivity polymer which was described above. The following is included although limitation is not carried out to 
what enumerates below PAG which can be used in this invention. 

(1) onium salts: — a top type — setting — R — a permutation, an unsubstituted aromatic series ring, or an 
alicyclic radical — expressing — X — BF4, PF6, AsF6, SbF6, CF3 S03, and CI04 etc. — it expresses. 
[0050] 
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[0051] (2) Sulfonates : [0052] 
[Formula 17] 
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[0053] (3) Halogenides : [0054] 
[Formula 18] 
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[0055] These PAG (photo-oxide generating agent) can be used in various amount into the resist constituent of 
this invention. Although 0.1 - 50wt% (percentage to polymer weight) is recommended, as for the amount of PAG 
used, it is recommended 1 - 15wt% of more preferably. However, it is desirable to take into consideration the 
structure of PAG and the amount of PAG used in a polymer list so that the absorbance in exposure wavelength 
may become 1.75 or less in the resist constituent of this invention (when the resist coat of 1 micrometer of 
thickness is formed on a quartz substrate). 

[0056] The resist constituent of this invention can be dissolved in a suitable organic solvent, and the acid 
sensitivity polymer and PAG which were usually described above can be advantageously used for it in the form 
of a resist solution. Although, as for an organic solvent useful to adjustment of a resist solution, ethyl lactate, 
methyl amyl ketone, methy|-3-methoxy propionate, ethyl-3-ethoxy propionate, propylene glycol methyl ether 
acetate, etc. are recommended, limitation is not carried out to these. Moreover, although these solvents may be 
used independently, mixed use of two or more kinds of solvents may be carried out if needed. Although 
especially the amount of these solvents used is not limited, it is desirable to use it in sufficient amount to obtain 
the suitable viscosity for spreading of spin spreading etc. and desired resist thickness. 

[0057] Moreover, in addition to a solvent (the main solvent) which was described above, an auxiliary solvent may 
be used for the resist solution of this invention if needed. Although an auxiliary solvent is unnecessary in the 
soluble list of a solute, when neither the case where a solute with low solubility is used depending on the 
spreading homogeneity of a solution, nor spreading homogeneity is in a desired condition, it is 10 - 20wt% 
preferably [ usually adding in 1 - 30wt% to a main solvent ], and more preferably. Although the example of a 
useful auxiliary solvent is not limited to below, it contains butyl acetate, gamma-butyrolactone, propylene glycol 



methyl ether, etc. 

[0058] A resist constituent which was described above again is used for this invention, and it also offers the 
approach of forming a resist pattern and an especially positive pattern on a processed substrate. Formation of 
the positive resist pattern of this invention can usually be carried out as follows. First, on a processed substrate, 
the resist constituent of this invention is applied and the resist film is formed. The substrate usually used in a 
semiconductor device and other equipments is sufficient as a processed substrate, and it can mention a silicon 
substrate, a glass substrate, a nonmagnetic ceramic substrate, etc. as some of the examples. Moreover, in the 
upper part, the additional layer, for example, a silicon oxidation membrane layer, the metal layer for wiring, the 
layer insulation membrane layer, the magnetic film, etc. may exist if needed, and various kinds of wiring, a circuit, 
etc. are made by these substrates in it. in order that these substrates may furthermore raise the adhesion of the 
resist film to it — a law — hydrophobing processing may be carried out according to the method. As a suitable 
hydrophobing processing agent, 1, 1, 1, 3, 3, and 3-hexamethyldisilazane (HMDS) etc. can be mentioned, for 
example. 

[0059] Spreading of a resist constituent can be applied on a non-processing substrate by making it into a resist 
solution, as described above. Although spreading of a resist solution has the technique of daily use, such as spin 
spreading, roll coating, and DIP spreading, especially its spin spreading is useful. Although, as for resist thickness, 
the range of about 0.1-200 micrometers is recommended, in exposure by excimer laser, such as KrF and ArF, 
the range of 0.1-1.5 micrometers is recommended. In addition, the thickness of the resist formed can be widely 
changed according to factors, such as the purpose for spending. 

[0060] Before the resist film applied on the substrate exposes it alternatively with the radiation for image 
formation, it is desirable to prebake over for about 30 - 120 seconds at the temperature of about 60-180 
degrees C. This prebaking can be carried out using the heating means of daily use in a resist process. As a 
suitable heating means, a hot plate, infrared-heating oven microwave heating oven, etc. can be mentioned. 
[0061] Subsequently, it exposes alternatively with the radiation for image formation with the aligner of daily use 
of the resist film after prebaking. Suitable aligners are a commercial ultraviolet-rays (far-ultraviolet-rays, deep 
ultraviolet) aligner, an X-ray aligner, an electron beam machine, and others. Although exposure conditions can 
choose suitable conditions each time, it is advantageous to use excimer laser (KrF laser with a wavelength of 
248nm and ArF laser with a wavelength of 193nm) as the exposure light source, as this invention especially 
described also in advance, if it adds — this application specification — "a radiation" — when a word is used, the 
radiation from any of these light sources shall be meant 

[0062] By PEB(ing) the resist film after exposure, the elimination reaction of the protective group which made 
the acid the catalyst is produced. If BEKU after this exposure is range where an elimination reaction fully occurs, 
it can be performed like previous prebaking. For example, although BEKU is typically performed for about 30 - 
120 seconds at the temperature of about 60-180 degrees C, adjusting with desired pattern size, a configuration, 
etc. is desirable. 

[0063] The resist film is developed in the basic water solution as a developer after PEB. The developer of daily 
use, such as a spin developer, a DIP developer, and a spray developer, can be used for this development. 
Although the water solution of I represented by the potassium hydroxide etc. and the metal hydroxide belonging 
to II group and the water solution of the organic base which does not contain metal ions, such as 
tetraalkylammonium hydroxide, are mentioned, the basic water solution used as a developer here is a water 
solution of tetramethylammonium hydroxide (TMAH) more preferably, and may add an additive like a surfactant 
for improvement in a development effect. As a result of development, the light exposure region of the resist film 
carries out dissolution removal, and only a non-light exposure region remains on a substrate as a positive resist 
pattern. 
[0064] 

[Example] The following example is explained to composition of the acid sensitivity polymer of this invention and 
adjustment of a resist constituent, and a list about formation of a resist pattern at a detail. In addition, the 
following example is one mere example and does not limit the range of this invention at all. 
[Example 1] 

A dropping funnel, calcium chloride tubing, and nitrogen installation tubing are attached to 200ml 3 opening flask 
dried in 10 synthetic minutes of a gamma-butyrolactone-2-IRUMETA chestnut rate, and the nitrogen purge of 
the inside of a system is carried out. Stirrer bar [ by which Teflon coating was carried out ], desiccation 50ml 
methylene chloride, 5.0g [ of 2-hydroxy-gamma-butyrolactone ] (48.9mmol), and desiccation triethylamine 5.45g 
(53.9mmol) is introduced, and it stirs at 0 degree C under nitrogen-gas-atmosphere mind. Methacrylic-acid 
chloride 5.1 1g (48.9mmol) currently beforehand put into the dropping funnel is dropped over 1 hour, and it stirs 
at a room temperature after that for 2 hours, a reaction solution — a 300ml separating funnel — moving — a 
reaction solution — 100ml water — subsequently saturation brine washed. A methylene chloride extracts a 
water layer 3 times, and it is added to a previous organic layer. The organic collected layers were dried on 
anhydrous sodium sulfate, the organic layer after desiccation was filtered through the filter paper, and the 



solvent of filtrate was distilled off under reduced pressure. When the obtained brown oil was refined by the silica 
gel column chromatography, the transparent and colorless oily specified substance was obtained. 
[0065] Yield 7.25g (78.1%) 

1H NMR(CDCL3, d, J in Hertz): 1.98 (3H, s), In s in 2.35 (1H, m) t 2.76 (1H f m) f 4.35 (1H, m), 4.51 (1H, m), 5.43 (1H, 
t, J= 6.5), 5.70 (1H, s), 6.22 (1H, s), however a parenthesis, a singlet and 1d of doublets are shown and m shows a 
multiplet. 
[Example 2] 

Gamma-butyrolactone-2-IRUMETA chestnut rate 3g (1 7.6mmol), 2-methyl-2-adamanthyl methacrylate 3.51 g 
(14.4mmol), a magnetic stirrer bar, azobisuisobutironitoriru788mg (4.8mmol and 15-mol%), and dioxane 10.7ml are 
put into the eggplant flask of 100ml of composition of a gamma-butyrolactone-2-IRUMETA chestnut rate and a 
2-methyl-2-adamanthyl methacrylate copolymer, and it stirs at 70 degrees C under desiccation nitrogen-gas- 
atmosphere mind for 8 hours. The obtained viscous high solution is dropped at a 800ml methanol, and is settled. 
Resin is carried out a ** exception with a glass filter, and it is made to dry in 45-degree C vacuum oven for 6 
hours. The obtained resin is dissolved in THF, with a methanol, a line dries precipitation purification in 45-degree 
C vacuum oven twice [ further ] similarly for 18 hours, and white resin powder is obtained. Yield of 5.35g (82.2%). 
[0066] 1 H-NMR — a presentation ratio — lactone: — it was adamanthyl =51:49. 
Mw: — 14, 900, and Mw/Mn=1.83 (standard polystyrene conversion) 
The analysis result of IR is as follows. 

IR(KRS-5, cm-1): 2913, 1791, 1737, 1261, 1147, 1103 [an example 3] 

The copolymer compounded in the formation aforementioned example 2 of a resist pattern was dissolved in 
PGMEA (propylene glycol methyl ether acetate), and it considered as the 1 5wt% solution. In addition, 8wt(s)% 
gamma-butyrolactone was also included in this solution as an auxiliary solvent. 2wt(s)% triphenylsulfonium 
trifluoromethane sulfonate was added to the obtained solution, and it was made to fully dissolve in it. After 
filtering the obtained resist solution with a 0.2-micrometer Teflon membrane filter, on the silicon substrate which 
gave the adhesion promoter coat, the spin coat was carried out, prebaking was performed for 60 seconds at 120 
degrees C, and the resist coat of 0.7-micrometer thickness was formed. After exposing this by the KrF excimer 
laser stepper (NA=0.45), and the rinse was carried out by deionized water after development with 2.38% of 
tetramethylammonium hydro oxide (TMAH) developer. [110 degrees C ] [ for 60 seconds ] Light exposure 30.0 
mJ/cm2 0.25microml_/S resolved. 
[Example 4] 

The resist coat of 0.4-micrometer thickness was formed on the silicon substrate which gave the adhesion 
promoter coat similarly using the resist solution of the formation aforementioned example 3 of a resist pattern. 
After exposing this with an ArF excimer laser exposure machine (NA=0.55), and the rinse was carried out by 
deionized water after development with 2.38% of tetramethylammonium hydro oxide (TMAH) developer. [ 100 
degrees C ] [ for 60 seconds ] Light exposure 26 mJ/cm2 0.20micromL/S resolved. 
[Example 5] 

The copolymer compounded in the formation aforementioned example 2 of a resist pattern was used as the 1 5wt 
(s)% PGMEA solution, and diphenyliodonium trifluoromethane sulfonate was made into 2wt(s)%, in addition a resist 
to resin. The spin coat of this was carried out on the silicon substrate which gave the adhesion promoter coat, 
prebaking was performed for 60 seconds at 120 degrees C, and the resist coat of 0.4-micrometer thickness was 
formed. After exposing this with an ArF excimer laser aligner, and the rinse was carried out by deionized water 
after development with 2.38% of tetramethylammonium hydro oxide (TMAH) developer. [ 1 00 degrees C ] [ for 60 
seconds ] Light exposure 20 mJ/cm2 0.20micromL/S resolved. 
[Example 6] 

Gamma-butyrolactone-2-IRUMETA chestnut rate 5.0g (29.4mmol), isobornyl methacrylate 6.54g (29.4 mols), the 
stirrer bar by which Teflon coating was carried out, 19.6ml dioxane, and 1.44g (8.8mmol) azobisisobutyronitril 
(azobisuisobutironitoriru) are put into the eggplant flask of 100ml of composition of a gamma-butyrolactone-2- 
IRUMETA chestnut rate and an isobornyl methacrylate copolymer, and it stirs at 70 degrees C under nitrogen- 
gas-atmosphere mind for 8 hours. A reaction solution is thinned with THF, it is dropped at the methanol of 1 1 
containing a small amount of hydroquinone, it is settled, and it carries out a ** exception with a glass filter, and 
is made to dry at O.lmmHg and 45 degrees C for 16 hours. The powder of the obtained white is again dissolved 
in THF, the above-mentioned precipitation - desiccation are repeated twice, and white resin powder is obtained. 
1H From NMR, the copolymerization ratio was proved that it is lactone:isobornyl =49:51. 96%, the permeability in 
248nm of this copolymer is 65% (on 1 micrometer of thickness, and a quartz substrate), and is excellent in 
transparency with 1 93nm. 
[0067] Yield 8.61g(80%) 

**** mean molecular weight 1 5400 (standard polystyrene conversion) Degree of dispersion 1 .82IR(KRS-5, cm- 
1):2961, 1792, 1736, 1250, 1163, 1102 [an example 7] 

The copolymer compounded in the formation aforementioned example 6 of a resist pattern was used as the 15wt 



(s)% PGMEA solution, and triphenylsulfonium trifluoromethane sulfonate was made into 2wt(s)%, in addition a 
resist to resin (6wt(s)% gamma-butyrolactone is included as an auxiliary solvent). The spin coat of this was 
carried out on the silicon substrate which gave the adhesion promoter coat, prebaking was performed for 60 
seconds at 120 degrees C, and the resist coat of 0.4-micrometer thickness was formed. After exposing this with 
an ArF excimer laser aligner, and the rinse was carried out by deionized water after development with 2.38% of 
tetramethylammonium hydro oxide (TMAH) developer. [ 100 degrees C ] [ for 60 seconds J Light exposure 32 
mJ/cm2 0.20micromL/S resolved. 

[0068] Drawing 1 shows the manufacture approach of the semiconductor device using the resist constituent of 
this invention. With reference to drawing 1 (A), gate oxide 2 is formed in the front face of the Si substrate 1, the 
Poly-Si (polish recon) film 3 is formed by CVD, and the impurity of n molds, such as Lynn, is poured in and 
formed into low resistance. The WSi film 4 is formed by the spatter or CVD after that. Subsequently, it prebakes, 
after applying this resist, as shown in drawin g 1 (B), and a KrF excimer exposure machine performs the exposure 
back PEB, and the 0.25-micrometer pattern 5 is formed by alkali development. The gate electrode which uses 
this resist pattern 5 as a mask, etches the WSi film 4 and the Poly-Si film 3 by anisotropic etching, and consists 
of Poly-Si film 3 and WSi film 4 is formed. 

[0069] Next, Lynn is poured in by the ion implantation and it is N of LDD structure. - A diffusion layer 6 is 
formed. An oxide film 7 is formed in the whole surface by CVD like drawing 1 (C) after exfoliating a resist. Next, 
as shown in drawing 1 (D), anisotropic etching of the oxide film 7 is carried out, and the gate electrode side- 
attachment-wall section sidewall 8 which consists of WSi film 4 and Poly-Si film 3 is formed. Next, the N+ 
diffusion layer 9 is formed by the ion implantation by using the WSi film 4 and a sidewall 8 as a mask. In order to 
activate this, it heat-treats in nitrogen-gas-atmosphere mind, and heats in an oxygen ambient atmosphere after 
that, and a gate electrode is covered by the thermal oxidation film 10 ( drawing 1 (E)). 

[0070] Then, as shown in drawin g 1 (F), an interlayer insulation film 1 1 is formed by CVD, it prebakes, after 
applying this resist, and an ArF excimer exposure machine performs the exposure back PEB, and a 0.20- 
micrometer detailed hole pattern is formed by alkali development. This resist pattern is used as a mask, a 
contact hole is punctured to an interlayer insulation film 1 1 by anisotropic etching, the A1 wiring 12 is formed, 
and the detailed MOS transistor of an N channel is completed. 

[0071] In this invention, since it has a multipole moment with the big lactone part which constitutes some resist 
constituents, also when the light absorption in short wavelength is small and the alicycle group system ester 
group with large dry etching resistance is contained in the resist film, a resist pattern 5 is firmly stuck to the 
etched layer 4 under it. In the resist constituent of this invention, it becomes possible by forming a lactone part 
from cheap 2-hydroxy-gamma-butyrolactone to compound with yield higher than the case where conventional 
mevalonic lactone is used cheap moreover. 
[0072] 

[Effect of the Invention] If the resist constituent by this invention is used, the detailed positive resist pattern 
which does not have swelling by usable sensibility and does not have peeling can be formed. Moreover, the acid 
sensitivity polymer of this resist constituent is made into the form of a copolymer, and since the 2nd ester group 
which has protected the carboxyl group can **** by the acid catalyzed reaction when a protective group 
content carboxyl group unstable in the 2nd acid is included in that side chain also at the 2nd monomeric unit in 
addition to including the protective group content carboxyl group of the structure of said formula (I) in the side 
chain of that 1st monomeric unit, high sensibility and definition can be acquired easily. Moreover, in 2-hydroxy- 
gamma-butyrolactone, that composition of a monomer is easy, and since it can carry out by high yield, extensive 
supply is especially easy. In each previous example, all should be noticed about 80% or more of yield being 
obtained in the case of composition of a monomer and a copolymer. Moreover, the 2-hydroxy-gamma- 
butyrolactone used as a raw material can come to hand cheaply compared with mevalonic lactone. Furthermore, 
since it has high transparency by deep ultra-violet range highly [ RIE resistance ] when the 2nd protective group 
has the structure of a polycyclic nature alicyclic compound, and it has especially the adamanthyl frame, the new 
high sensitivity resist which can respond also to the exposure light source of ultrashort wavelength like ArF 
excimer laser can be offered. 
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(4) 



ftffl¥ 1 1-12 3 2 6 



mmkcotum (p e b) icj:-dt, ummx-ibz, t - b 

[0 0 0 4] jfi^ ^lf>y h^7X(ODRAMf(D- 

<^a r f (7-yfkr;i/rr» x^^u-^f mm 1 9 

3nm) l:ffl^ftgy?77^©I^tf^ftoTf 10 
[0 0 0 5] 

Nozaki et al ,chem. Mater. .6, 1492(1994) .K.Nakano et 
al,Proc.SPIE,2195, 194(1994) .R.D.Allen et al.Proc.S 
PIE, 2438, 474(1994)30 0 CtlSfi, SiSiSxXf;!/ 

m*®m<pic3&c tic*. k> i^>*x Mc^y^s f^-t 

[0 0 0 6] cnc.oj;9WIMii*L, 

n- y^5^ h>i: 2-><^;l/-2-7^*v>'^y— ;b 

<t¥m$8misis7.ht>m%-£tlT^2>Q<i. Nozaki et al, 
Jpn.J.Appl.Phys. ,35.L528(1996)) „ cnfciu 

[0 0 0 7] *?£BJ3fciu ifEL/iP^^^L, W^T 
It. Sfc, K r F&SWiA r F x*S/T ^flcf^ so 



[0 0 0 8] ZC>lc*¥£ffl<Di>o— -D<DBmt, C<D£ 
[0 0 0 9] 

fro, ^flg«iJiIlc^lcWLT^^^ffiSS^^S5I 

[ooio] ^Bmt^oy— ocoffiicfe^T. tyv- 
n-smwiR (i) iat)^n57? h vntiiSrMfB 

[0 0 1 1] 
[ft 7] 

•• 1I> 

[0 0 12] (.nit \~~ A ommztb*). Rt*7j<^«. 
jS^ffiMfclS-a-T'^S) 

is^r^ty^/ •r-mttLtmmmmicMictt lt^ss 

[0 0 13] CCfflfflt^i^M, »SU<ti:^n 



(5) 



1 1-12 3 2 6 



xfi/y^yv 

[0 0 14] ?P>tC$fc:, #SMB©L'S>Xhfflj*«M4 J E- 

^^OB^aSOi&ft (180~300nm) Kfctf 10 
1.75 C fcjWff g LVV C tUM 

1^01^2 0%^^%*), /^->OJfMA^ 
L<BMtC&«. 

[0 0 15] HlffiLfclft*l£tttt*&f*©»&, «SS 

[0 0 16] CCT\ *-0«li»*#*;b#*>>;l/a 
/l/S<D£SSS i: L "Cg"^ L T £ <fc 5 y v— JgffiT* 

fe5o 30 

[0 0 17] 
lit 81 




• • - (II) 



[00 18] (±3£{C:}S^T, Ri « 1 ~ 4 iKDJ^iUlS 

#«EU5S*V »SL<»^ (IIDfc^O^^tiSo 
[0 0 19] 
[ft 9] 




- • • (III) 



[0020] (±5£k*5i^t, Ri ts.fctfza^-n^n so 



K X^lz-S-Xh + ^T'Dlf^-h, ^DlfU> 

[0 0 2 1] $fc*f%Wl&, *5%m<Dl'VXhMl8.<fa* 

mwMm&±.icw.iB-t%x.nt, m^ntcu^^hm 

Wafcf*. US'* !•/<*— >©»J*JS*6J:tf, CO 

xv^->^*ff^¥»««iio«jS*tt*a«-r*. 

[0 0 2 2] *aWKJ:*l/^ — >OJB«^iffi 

[0 0 2 3] *«WOW8jS1t«fi-&flc©»^-, 

c^ShUS (1) h>gp^xx^;l/ 
»tc^&e/^-#{£<D^pefi0. l~80mol 
%*W*L<, <£9#i:L<& 1 0-5 0 mo 1 %t>m 

msntx, cn^ot/T-ftct^^i omo 1 

^</S£ — x>^#:fnJflgfc:;B:»K Sfcll;i6 0n)o 1 

ic&tk J5iC80mo l%£±lel3i:, J&Stt7j<?gj& 
[0 0 2 4] (PAG) 0. 1 

~5 0wt% wjvMstuwrsn^) ^tsis^n 

±0»*L<t±l~15wt%*Hf@85tl*. * 
fc*f«WtcfflV^n5«-a-«:<0«fi¥^?Sfi2 0 0 
0~1 0 0^©ttHtf«t§iSttS#, cfcO»*U<(±5 

o o o~575<r>wmttym-£z\z>o \si?7,vmmcim7L 

3 0w t %ta^6tl-57b^ J:D)fSL<»10~20% 

[0025] sKSiBte LTfflfflsn*ia»ttzk»««, 



(6) 



ftmW- 1 1 - 1 2 3 2 6 



i± (tm ah) <D7kmmv&r>. m£$hm<Dm±<Drctb 

CO 0 2 6] 

iwn<D$m<DTvm\ *?tw \n^v s^x h mtmms 
u^x \->^-i/<Dfcfittmt. yrF<Dmm&mwfrz 

T'feSo COl/'^X hMf&mmMZLfc&vlc, (a) 
(b) ^ftffl»*t^®iRLT^-f-5i:, SSlc 

(i) s^a (id ic&Q&zti&^tb 

[0 0 2 7] Maa»-e«\ SttHfiii© 

Ktffttt Battle fev^T, ->;l/S i; 

ires*,, ummvmmmm&gtmtfttiji-t 
■3 xmm&>ic.mm.-efflmk$. *j*r * yv^y - >tmitn? 

S5o 2^1:, SCI) ?iSnS7^ h 
[0 0 2 8] «mouj;x hfi«»k:fcv->Ta»*flB 
■a\ ^sttflt^sMbTkjg^ft^^rxxx/i/Sfc^r-r 



10 

Ri/y y y u u- h jrb*#«4, mytytmt i^rman- 

ttU Wfc 2 5 0 n mWTO««%»OJttW%«ffl-r *» 

So sa(e*M»*«)e3tt«fc-r*«^ctt» 

[0 0 2 9] A r Fl+yvl/- tf©«k3*ffi^&S^ 

^V^ttfcfcUC, SfSjfcS (1 93nm) fcfcttS 
JSHStttf u-y"x Y*Z-V<mmc t o T 5 icfig 
&3/ci6, ±f2LfeJ;-5lc K^x^yy»tt©SJ^ 
7?7yf;H, y ;b#;l/x;bS^ic^$ns J; a * 

yyy u u-h3RB^f*©flefljtf»»sns. 

[0 0 3 0] ±IBLfc«fc3*r^ U U-hfcSW±yy 

20 s (a»¥^» : ?a> mw) «, zKv^H-effiSRiffi-p 

2S&A^ »^L<«2, 0 00-1. 000. 000© 
SgBT'&tK <fc<3#£L<fi:3, 00 0-50, 0 00 

2>t>(Dtt^mLmW?2>t. (IV) KjjVrfcfeD"*? 

$.s„ &*> (yy) 7^'ji/-h^3^7>*i^*t)C 

flfioaia* : ey7-#ffii:fi#^t>*Tffia<o«a-&» 

[0031] *3%nmcis^T, &mir&ct<D-v%&m 
^jtstta-a-^tt, tufe (yy) ryj u— h»a^** 

±f*fc-rSfe©*#figLTSiWrSi:x ^ (IV) (c^ 
[0 0 3 2] 

[fbi o] 

R' X 
— 4c^— i->^ (CH 2 — C-^ • • • (IV) 

0 '' ^OY 0 * ^OLAC 

40 

[0033] (yy) 7f;p-h*3is»fta^ 
t, r' «****"r^t.L<fitt««>«Si», ^J^(? 

Aoyy, T;l/+;1/S> y^a-;US^ab, Y(±fiE 
M<0^flMSI1i«Ha, t Bui, -r h^t Fat? 

^-/bS, -rvtf/i/x/i/g, 2->tf;b-2-7?*7y 

ffi<0*;l/Jfea&*J, m+n=lT*fcSo XfeSVHiLA 

so jr? our, m^h) , m&TJi<*>m (y^;bs, x 



11 

f-frWm . ->7/I> *<ZMfiT?*!K ffiaS (I) ©7 

co 03 4] *mw?mftc (**) 7»'ji/-ni 

5AIBN (2, 2' -rv'lfX-f'VT^a—hy/l/) 

o#ffiTADfi-r s c t tc «fc -3 xmm icisg-r sct^t- 

7>'JU-HMd#fiWfl)Mi 
J6ttfi*f*t, n«llcJEftli:tt-3T*nPJfc«MW«ci: 

[0 0 3 5] HMCfcV^* 

(id (c^o««&n«WB«iinem£««ettofi(Htt 

Lttt LTV>3 <fc 5 v-#fitT'fe5„ 
[0 0 3 6] 
[ffcl 1] 




• • • (II) 



[0037] (±at*v^T. Ri tei~4mcnmmm 

S^t. L < (ilPg^O^f tlTSoTfe J: < , Z«Ri 

(iiDicioasnSo 

[0 0 3 8] 
[ffcl 2] 




• - - (III) 



[0039] ct^c^T, Ri tsitfza^nfn 
(v) «cfcoTastt*#B*f*a?fc*. «6tBi/< 

[0 0 4 0] 
[ftl 3] 



(7) ftMW- 1 1 - 1 2 3 2 6 
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• • • (V) 



[0 0 4 1] (±5&ia&^T. Ri , R' , X, mfcj; 

**W8f&tt#S£#tt, *aS (VI) tc^£n5y-:/ 
^a^^ h>-2— OI^^D U-h/2-^^;b- 

[0 0 4 2] 



[ft 1 4 ] 




[0 0 4 3] (x{±^^;l/Sfe5v^izkigTl^— feL< 

(R i Eitt) Siscfc^t. ccr% 5i£iFlffl3 

•T5*P.tf, «a-&i*ct>^2cD ; e/v-#fiET'fe?.2 
30 -^f 2 -7^?>f I/- hfflttM 

5 0mo 1 %gg(Ct§M)b < $5o f: c 

A r F x^S/v U— f ©J; 3 &H}Ij&S ( 1 9 3 n m) 

[0 0 4 4] ±8EUfc*3*ttS^»K**J**l 

U U— hcD#W*ti:2 0~7 Omo 1 %W$ L<, J: 
t> L < « 3 0 — 6 Omo 1 %#*St£*l«o 
Ot/v-fffiOft$tf2 Omo 1 %*TlHlSi:, 
40 ^OSiJ^n^S^fC * 0 , * fciMK 8 0 m o 1 %$r 

±H*fc, tt»tt*}^fc«IIBa#tf»»l*ffifc:g{l:L 

L<(i40~60mo 1 %T?$>S 0 
[0 0 4 5] £fc, ±ietfcJ;^^2cD^yv-m{4 

s»*««f*iip«n*. -rat?^, (**) 7*y/i/«©fi 
so nrt5t>, Sfc0iRfc?> Su^ (vi) tc«fcoT«£ft*tt 



(8) 



#Bfl¥ 1 1-12 3 2 6 
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14 



;l/gPA^ ^tx-^tl 1 9 0~2 5 Onm(Cl5^T ; e;l'» 
CO 0 4 6] Hf(ie<75M^-i*^U'->"X hOS^flgi: Lfc 



[0 0 4 7] 

[ffci 5] 



+ PAG 



hv 



O-^OH 



I &&&3=m I 




+ PAG 



hv 



H 2 C 



H+ 



[0048] ±mLrc&o%nm-&mcft&-$tiz>mfr 
[0049] *Km<D<t¥mmmisi?xhicis^T* ± 



(1) *-^i»tt8H:±SKfeV>TRtt|t««.L<H:^ 
B*©^*^*fcttflBSil5K»£*U XiiBF< , P 
Fe, AsFf , SbFe, C Fa S Os , C 1 04 4 

[0 0 5 0] 
[ffcl 6] 

(R>2— fX" 

[00 5 1] (2) x;P*v8iXf/MS : 
[0 0 5 2] 
[ftl 7] 



50 



(9) 



¥f?3¥> 1 1 - 1 2 3 2 6 
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(2) */\s*>m^x?ji>m: 



16 




.0 

N— OS0 2 CFj 



OS0 2 CF 3 
^A->OS0 2 CF 3 



OntO 




[00 53] 
[00 5 4] 



(3) nnyyftii: 



(3) AcyyftlfcH: 



Mfcl 8] 



CX 3 _-N C X 3 

[0 0 5 5] Ctie.cOPAG 0fc«$8£JW) tt, 20 
PAGOffflili^ 0. l~50wt% 

OBtiP 1 ft mtDL^X h*J»*53SS«±fcJ&aLfcfc: 
1 . 7 5 JkTFK&S <fc 5 lc, M&foMZflC PAG 

^«ii*5j;t>*p a g <D@.mm*mm-? & c t *ws l 

[00 56] *^co hMf&mt. iIST±fl2 Lfc 30 
-K X5M/- 3 -xh^v^n K SsZTSf 

sns^ cne»tcffi^«$n*v> 0 sfc, envois 

[0 0 5 7] $7c, *^<DUi/"X hft?gt«!^g{Cj£ 

Mi%£.fe<8Ucttl,X 1 ~3 0 w t %(D®MT-W<h\r$ 
%><Ot)W£L<. i'5»$l<ttlO~20wt%-! 5 S 

3 0 #ffla«8fijS*opf±wTk:iffiS*n*feOT»«a so 



(X=CI. Br) 
etc. 



[0 0 5 8] *f»8tt % *fcJb85L;fcJ:3*US*;* hSS§ 

fcfl. 1. 1. 3, 3, 3 — N*U-^^l/^->5-tf> 
(HMDS) ^PfSCt^ftS. 
[0 0 5 9] U^ha«KOiffiti« ±IBLfccfc3 

CtifT'Z&o l^XhJSiScD^IJfiu Xfc! a 

Kxtfv^firtfWffl u^xnftii«io. i~ 

2 0 0 ftmC9fBB#J£S£n£#, KrF^ArFW 
<D^*i/-?ls—*fT'(Dmyt<Dt§&l±, 0. 1 — 1. 5 ft 

mcDUHtfifiiSiSftSo &*5, jg/ssns u^x b<om 

[0 0 6 0] S«±tc^flib7cU->*X HMt±, 



1 



(10) 
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[0 0 6 1] &^T\ y>J^— ?«OU^XhM**ffl 

mats xmmytmWs s?tr- abuses, 

fe^o B^mi*o»«aia**ff*a!S3^4cfcw 

If G£g 248nmOKrF 9* Rlf »g 1 9 3 
n m<D A r F *B)1BfcjHfc LT^ffl*rS<D#* 

[0 0 6 2] B)t^l/^ H*P E BtSCfcJCcfc 
coB^»^-*tt)W)iSliSW-h»fciBc *«SHt?«n 

&^-?izmmmazm 6 o ~ 1 so °c<ou&x^ 3 0 
tc <k o tjhms-t §ctwsu^ 

[0 0 6 3] PEBCDS. l/^MK*^«*kbT<D 

CiTkffiftT-h^^^l/TV^-^A (TMAH) <D7m 
[0 0 6 4] 

E*ailffil*±«A,0 1«T*oT. *«B80IBH*H6H 
[jtfliiW l ] 

+7>tC^iS?^/c2 0 0m l<030P77X3«Ta 
- SOmlOKdfift^fUV, 2-tKP^>-y so 



1 1 - 1 2 3 2 6 
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->^D^h>5. Og (48. 9mmo 1) , ?SS 
h»Jxf-;l/7^>5. 45g (53. 9 mm o 1 ) 

-htantSo/-^^^';;i/^p'JK5. iig 

(4 8. 9mmol)*l«FBMtTaTU tO»2 
»5SMT«t§o K£&tt* 3 0 0ml ©#«n- 
Mc#U £iS*fS* 10 0ml (D?K #<^Tfflftlft* 

;l/*7A*ovhy77>fe»»BLfti:c5, 
Ott«B«»3WI6tift 0 
[0 0 6 5] 1RB 7. 2 5 g (7 8. 1 %) 
>H NMR(CDCL3 ,d, J in Hertz) : 1 . 98 (3H,s) ,2.35 (lH.m) , 
2.76(lH,m),4.35(lH,m) A - 51 (lH.m) ,5.43(lH.t. J=6. 5) . 
5.70(lH,s),6.22(lH,s) 

BOWS 2] 

1 0 0m 1 O^-X^^XntCy-^n^^ h>-2- 
>ffl/***y h 3 g (17. 6mmol), 2-* 
^;l/-2-T^V>7 t ;l/^^^Ui^-h3. 5 1g (1 

4. 4 mmo 1) % 7y*fy — ^— A I 
BN788mg (4. 8 mmo 1 , 15mol%) , ^ 
aM^J-> 10. 7ml *Aft*aia**H*T 7 0 ^7? 
8«FM»»-rs 0 » 6tlfc*6ttOWr«ME*, 8 0 0m 
1 O^*^— ;l/KiaiTUTttlB***o 3?7X7>fW 

-£3o i6nft«IB*THFIC»ISS*, **/-;l/T* 
tfciB3|»ia*ra«fc:«6tz:2«fTt>T^ 4 

5 . 3 5 g (82. 2 %) o 

[0 0 6 6] 1 H-NMRtCcfc Offl/Sttte^* h > : 7 
^W^;l/=5 1 : 4 9f*oft 0 
Mw: 1 4, 9 0 0, Mw/M n = 1.83 («*P#U 

us/aw) 

1R (KRS-5, cm- 1 ) 12 9 1 3, 1 7 9 1, 1 
737, 1261, 1147, 1103 

OBKM3] 

U>^Un-;l,^^;l/x-"r;l/Z-ir7 : *-h) tC}gS?LT 
l 5wt%»»tLft 0 **5, c Affile tiWffiiigfflEfc 
LT 8 w t %0 y - ^D 7^ f V ttStfco 

rcr§^tc2w t %©h>J7z-;l/X;i/7*-»)Ah'J7 



(11) 



WMPF 1 1 - 1 2 3 2 6 
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yy^jv^x^MLfcm. HMDSfflg^SBLfc^yn 

n*KrFx^vU-fXfy^ (NA = 0. 4 5) 
TBJtLfea. 1 10W6 0»H^-*U 2. 3 8 
%Ofh7^f;l/7^- t )AA^ Fn**5/K (TM 
AH) £tttt-?9itt& K-f*>*Ty VXL/Co Bft 
130. OmJ/cm 2 tO. 2 5/imL/S«L 

/Co 10 

tssB&mm 3 <d us^x h isa* ffl^Tiiifiik: h m d s sa 

■MMBrtLfco cn*A r Fx+^>Y^fia (N 
A = 0. 5 5) T*l7tl/ci, 10 0tt*6 0»H^- 
*U 2. 3 8 %(7)f h 7 ^ f ;I/7 Aa^ Fa 
**5/F (TMAH) SflKtt-enfltt. K^*>*T?U 
>XL/c 0 I)ti2 6mJ/cm 2 TO. 20fimL/ 
S^»«LfCo 20 

U^XF'**— ^oM$L 

tufSHSSCT 2 To* $c L /cftipft^ 1 5 w t %cO P G M 
EAMtU »B§t<:3*bT^x-7l/3-F-«>JUF 
■J 7;W-n**:/x;l/;fc*— F£:2 w t %to*.TU> ? x 
h^Lfco C ft* H M D S ffll*ffi L fc U 3 >Ifi± 
ICXlfVn-FU 12 0tt6 0#^M-^%?7 

r FX+^7U-«giT«Lfci, lOOtT 
6 0»ffl^-^U 2. 3 8 %Of F^^f/VZ^x 3 o 
9WKn**^F (TMAH) nm"?9NML BH 
^>7j<T*y >XLfc 0 I)ti20mJ/cm 2 7? 0 . 
2 0 pmL/S#»«Lfco 
RAMA 6] 

y -y^-n ^ ^ F >- 2 # ^ U F k-f V# 

10 0ml OtX77X3{C y -y^Wy^ h>- 2 - 
Y;M^^Ul/-h5. Og (29. 4mmol) fcY 
V#;l/X;M^^iJl/-h6. 54g (29. 4mo 

1) , x^n>n— t-^ >y^tl/cX^-7-^- 1 40 
9. 6 m 1 (Dis***fy, 1. 4 4g (8. 8mmo 

I) 077WV7fa-hU;I/ (A I BN) #A 

*u a*8i«T7 o c ct»8«FBi»ff'r«o KPsmmtt 

THFTiftf). ^iOtHo^/^tA/ei 1 

U 0. ImmHg, 4 5tTM6^«^of# 
6tlfcefe<D|»**Btf T H F ±IH^fct^ 

H NMRfre, ««*tttt5*F>:^ytf;l/-/l/= 

4 9:51 fcW^LfCo CC0KS^»^2 4 8 nmtcfe so 
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t*£j8ifl*« 9 6%, 1 9 3 n mTte 6 5 % (KJP 1 /1 

[0 0 6 7] IRS 8. 6 1 g (8 0%) 
««¥^»?fl 1 5 4 0 0 (WJXfl/>S! 
W) . 1.82 

IR (KRS-5, cm- 1 ) : 2 9 6 1, 1792, 1 
7 3 6, 1 2 5 0, 1 1 6 3, 1 1 0 2 

bisect 7] 

m^mmm 6 1 5 w t %<d p g m 

EAigffi^U 1»flgtc«LTFU7x-;l/X;l/7^-^ 
Ah>j7Mn^^>X;Kf4-b^2w t %in*TU 
>>X F Lfc OlffijfSKi: IT 6 w t %<D y -T^n^ 
^h>£r&fr) o CMHMD Sjaa*«6bfci/Ua> 
S&ifcXlfVra-FU 12 0W6 0»yj^ 
*?T</\ 0. 4/imHOUyxh»I*MLfcp cn 
*A r Fi*->vU-1f«)tt»B"e»Jttbfc». 1 0 0 
tt*6 0»^-^U 2. 3 8%^fh7^f;P7> 

^•)a/^fd^>f (tmah) mmm^mm 

Bt-f*>7KT*U VXLfcio l7tl32mj/cm 2 
TO. 2 0|imL/S*mfto 
[0 0 6 8] BUS. 2t^HB©U^XFa«*««ofc 

¥«w*®«o«it#ffi*svro 01 (a) *#br-t« 

fc* S i»«l©*ffik:y-FMfblll2*^«U Po 
ly-Si (#yS/U=2» 13^C VDlCJcD^St 

l> y>a^onso^i«»*jaAL«g*ift-r*o * 

<Df£X/W£££VH;i:C VDtCckOWS i!4^Mt 
So »^B1 (B ) Ic^rT <fc -5 #l/^h*»ff 
L/cf^'J^-^^T^K r Fx+S/v«Jt«lcj:OB 
ftlkP E B*fifV\ T;l/*y^«tC*?) 0. 25/xm<0 

*iLS*ttX7f>yTWS iM4*5<fctfPo 1 y- 
S il3^X7f^LPo 1 y-S il3^r>*WS 

ii4^e>&§y-Mi^Mt^o 

[0 0 6 9] ^^>aAta^jy^iiAbTL 

DDHfigON- tt«WB6*««-rSo U^XF*«« 
01 (C) ©±5teCVDK:J;D»{fc«7*±ffifc 

»*r*o mmi cd) fc*t-<fc3£»{tJW7*H# 

ttXy^-V^U WS iB4^Po 1 y-S il3 

a* & * a f *tt«ea«>->r f ■> * 8 ^ jg/&-r 

So ^CWS i«4 43cktf-9->T F**-;b8*vx*i: 

*»H«pfiTiPj»Ly-F««*JftB!ftl«l 0tI5 
(HI (E) ) o 

[0070] 01 (f) ic^-t&vizmmmm 

Ml l«CVD*c«fct)«*U *uyxb*»tLft« 

^H-^«7t\ ArFX^^Vl»at)IM 
P E B*fTt\ TtVXVmmc&O 0. 2 0^im(DiSa 



(12) 



ftfflW- 1 1 -12 3 2 6 
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[0 0 7 1] *aWT?ti, U3>X h«J**©-»MMl 
x -y f- y * v* BgftK$x X -r $ tit 

-e«5*h^gp#£\ SIS2-kKn+->-y-7f 10 

[0 0 7 2] 

^oaio^yv-mffiowaiKiOTEs (i) <Dmm<D 
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